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Abs t rac t  26677 
Energe t ic  helium and heavy nucle i  (Z 2 3 )  were de tec t ed  i n  the  Ju ly  18, 

1961 s o l a r  p a r t i c l e  event .  This  r e s u l t  b r ings  t o  f o u r  t h e  number of s o l a r  

cosmic r ays  b u r s t s  i n  which heavy nuc le i  have been seen. The p a r t i c l e s  were 

de t ec t ed  i n  nuc lear  emulsions flown on a bal loon launched from F o r t  Church i l l  

s h o r t l y  a f t e r  t h e  a s soc ia t ed  f l a r e  appeared on the  sun. 

medium nuc le i  (6  5 Z s 9) dur ing  the e a r l y  p a r t  of t he  s o l a r  event w a s  12,O - + 
1.8 p a r t i c l e s / m  /sr sec  i n  t h e  energy i n t e r v a l  from 120 t o  204 MeV/ 

The average f l u x  of 

2 

nucleon, o r  about 40 t imes t h e  normal g a l a c t i c  cosmic r ay  medium nuclei f l u x  

a t  t h a t  p a r t i c u l a r  t i m e  i n  t he  s o l a r  cyc le .  The helium t o  medium nucle i  

r a t i o  i n  the  same energy i n t e r v a l  was 79 + 16. These va lues  a r e  c o n s i s t e n t  - 

with  those  a n t i c i p a t e d  on t h e  basis of t h e  r e l a t i v e  abundance of hydrogen, 

helium, and medium nuc le i  i n  o the r  events .  Some l a r g e  n u c l e i  (Z 2 10) w e r e  

de t ec t ed ,  but  l i g h t  n u c l e i  w e r e  so r a r e  t h a t  only a n  upper l i m i t  t o  t h e i r  

abundance could be set (L/M < -07). The unbiased a c c e l e r a t i o n  of mul t ip ly  

charged nuc le i  i n  every major s o l a r  event now seems more c e r t a i n ,  and, 

t h e r e f o r e ,  i t  seems t o  be worth consider ing t h i s  f e a t u r e  i n  any theory  of 

s o l a r  p a r t i c l e  acce le ra t ion .  
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T o  lNTRODUCTION 

With t h e  discovery of heavy n u c l e i  (Z > 2 )  i n  s o l a r  cosmic r a y s ,  

a number of i n t e r e s t i n g  quest ions a rose ,  which can only be answered f i n a l l y  

a f t e r  many more measurements of t h e  charge and energy spectrum of s o l a r  

cosmic r ays  have been made. Toward t h i s  g o a l ,  we s h a l l  r e p o r t  he re  t h e  

r e s u l t s  of measurements made on t h e  helium and heavy n u c l e i  i n  t h e  s o l a r  

event of July 18, 1961. It w i l l  be seen t h a t  t h e  r e s u l t s  add weight t o  

many of the ideas  which seemed t o  be suggested by t h e  samples of t he  s o l a r  

p a r t i c l e s  measured i n  t h e  t h r e e  previous major s o l a r  events  i n  which heavy 

nuc ie i  were detected [Sept. 3 ,  1960 - F i c h t e l  and GUSS, (1961); Novo 1 2 ,  1960 - 
Biswas e t  a l ,  (1962) Yagoda e t  a l .  (1961) and Pomerantz and Wit ten,  (1962); 

Novo 15, 1960 Ney and S t e i n  (1962) Biswas e t  a l .  (1963) and B i s w a s  and 

FichteZ (1964)1. Therefore ,  a f t e r  p re sen t ing  t h e  r e s u l t s ,  a b r i e f  summary 

w i l l  be given of t h e  s i g n i f i c a n t  f e a t u r e s  of t h e  p i c t u r e  which seems t o  

be emerging, 

11, EXPERIMENT PROCEDURE 

‘The da ta  on t h e  s o l a r  cosmic ray heavy n u c l e i  i n  t h e  J u l y  18, 1961 event 

were obtaiaed from p a r t i c l e  t r a c k s  i n  nuc lea r  emulsions flown on a high 

a l t i t u d e  balloon launched from For t  C h u r c h i l l ,  Canada. The bal loon f l o a t e d  

2 a t  an average a l t i t u d e  of only 2.07 g/cm 

was r o t a t e d  i n t o  t h e  v e r t i c a l l y  o r i en ted  p o s i t i o n  when t h e  bal loon reached 

c e i l i n g  and remained i n  t h a t  p o s i t i o n  between 1305 U.T. and 1918 U.T, on 

18 July.  

Fo r t  Churchi l l  began a t  about 1100 U.T. on Ju ly  18, reached a maximum of 

The nuc lea r  emulsion experiment 

The p o l a r  cap absorpt ion a s  recorded by t h e  30 mc/sec r iometer  a t  
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I 

I .  

about 8 db a t  1200 U.T. and remained a t  t h a t  l e v e l  f o r  t h e  remainder of 

the  day. 

throughout t h e  emulsion exposure per iod would i n d i c a t e  t h a t  t h e  t i m e  

average f l u x e s  of t h e  l o w  energy p a r t i c l e s  a r e  r ep resen ta t ive  of t h e  

exposure per iod.  Rapid f l u c t u a t i o n s ,  even i f  they d i d  occur, would n o t  

a f f e c t  t h e  r a t i o s  of t he  var ious  components considered here  whikh have 

the  same charge t o  mass r a t i o ,  and, hence, behave i d e n t i c a l z y  i n  

The f a c t  t h a t  t h e  absorpt ion remained a t  a cons tan t  level 

electromagnet ic  f i e l d s .  

The emulsion s t ack  was composed of I l f o r d  G-2  and G-5 emulsions, 

and, because of t he  in t ense  exposure, t h e  G-5 emulsions w e r e  underdeveloped, 

In  t h e  a n a l y s i s  of t h e  heavy nucle i  t r a c k s ,  t h e  scan l i n e  was set h from 

t h e  top of t he  emulsion. The minimum energy f o r  medium n u c l e i  (6 s 2 % 9) 

was, t h e r e f o r e ,  about 120 MeVhucleon. The mximum energy of about 200 

Meki$ucleon was s e t  p r imar i ly  by the r a p i d l y  decreas ing  f l u x  wi th  inc reas ing  

energy, and the  r e s u l t i n g  i n a b i l i t y  t o  make a s i g n i f i c a n t  measurement 

above t h a t  po in t .  

t op  of t h e  s t a c k  i n  order  to c o l l e c t  alpha p a r t i c l e s  i n  t h e  s a m e  energy/ 

nucleon i n t e r v a l .  

r e spec t  t o  the  z e n i t h  i n  t h e  emulsion p lane  and 

p lane .  

The scan l i n e  f o r  a lpha p a r t i c l e s  was s e t  3cm from t h e  

For heavy nucle i  t h e  c o l l e c t i o n  ang le s  were - + 45" wi th  

2 3 O  i n  t he  perpendicular  

The angles  f o r  alpha p a r t i c l e s  were _+ 2 0 "  (2 45O i n  a small p a r t  

of t h e  sample) and - + 6" respec t ive ly .  

heavy ninclei t r a c k s  and 73 helium nuc le i  t r acks .  

The t o t a l  sample cons is ted  of 51 

The a c t u a l  a n a l y s i s  procedure w a s  s i m i l a r  t o  t h e  methods used i n  

t h e  a n a l y s i s  of t h e  p a r t i c l e s  de tec ted  i n  nuc lea r  emulsions flown i r ?  
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sounding rockets  previously (Biswas e t  a l . ,  1962). The charge de te rmina t ion  

of t he  heavy nucle i  was made on t h e  b a s i s  of d e l t a  r ay  d e n s i t y  a s  a 

func t ion  of range, and t h e  helium n u c l e i  t r a c k s  w e r e  separa ted  from t h e  

s i n g l y  charged p a r t i c l e s  by measurements on t h e i r  g r a i n  dens i ty  and 

r e s idua l  range, The helium nuc le i  a n a l y s i s  was very ted ious  due t o  t h e  

f a c t  t h a t  t h e  helium nucle i  t r acks  had t o  be separa ted  from a very l a r g e  

number of s ing ly  charged p a r t i c l e  t r a c k s  of comparable g r a i n  dens i ty .  

There were approximately s i x t y  s ing ly  charged p a r t i c l e  t r a c k s  which had 

t o  be examined f o r  every helium t r ack  found, 

The ex t rapola t ion  of t h e  helium nuc le i  i n t e n s i t y  t o  t h e  top of t h e  

atmosphere i s  somewhat uncer ta in  because of t h e  l ack  of information on 

t h e  energy dependence of t h e  mean f r e e  pa ths .  The con t r ibu t ion  to t h e  

observed helium f l u x  from secondary product ion and from fragmentat ion of 

heavy nuc le i  is very small i n  t h e  energy range considered here ,  and, hence, 

t h e  major concern i s  t h e  absorp t ion  mean f r e e  pa th  f o r  helium nuc le i  i n  

nuc lear  emulsion and i n  a i r .  A t  h igh energ ies  t h e s e  a r e  estimated t o  be 

21,4 c m  of emulsion and 51 g/cm2 of a i r  r e spec t ive ly ;  a t  very low energ ies  

they probably become very l a rge .  With t h e  former va lues  of f l u x  of helium 

n u c l e i  i n  t he  energy range 120,5 t o  204 MeV/nucleon a t  t h e  top  of t h e  

3 atmosphere was found t o  be 1.03 x 10 

c o r r e c t i o n  0.86 x 10 p a r t i c l e s / ( m  sr s e c ) ,  A compromise va lue  of (0,95 

- + 0,13 x 10 

pa r t i c l e s / (m2  sr sec),  and with no 

3 2 

3 w a s  selected f o r  t h e  subsequent ana lys i s .  

I11 EXPERIMENTAL RESULTS 

The d i f f e r e n t i a l  f l u x  of medium and helium nuc le i  a t  t h e  top of t he  
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atmosphere i s  given i n  Table I. 

12,O - + 1,8 p a r t i c l e s / ( m  

nucleon t o  204 MeV/nucleon. This  f l u x  was est imated both on t h e  b a s i s  of 

t h e  numbers of p a r t i c l e s  i n  t h e  i n t e r v a l  which w a s  common to a l l  medium 

The mediam n h c l e i  f l u x  was  deermined t o  be 

2 sr s e c )  f o r  t h e  energy i n t e r v a l  from 120 MeV/ 

..-.e .iuLlei species and on t h e  b a s i s  of t h e  number of each type  i n  i t s  observed 

i n t e r v a l ,  s i n c e  they w e r e  somewhat d i f f e r e n t ,  and t h e  estimated energy 

spectrum. The two methods led  t o  r e s u l t s  which d i f f e r  by cons iderably  

l e s s  than t h e  unce r t a in ty  introduced by s t a t i s t i c a l  f l u c t u a t i o n s  and o t h e r  

minor e r r o r s .  

10 

F igure  1 shows t h e  d i f f e r e n t i a l  helium and medium n u c l e i  energy/rmcleon 

s p e c t r a .  

of measurement the  s p e c t r a  a r e  approximately t h e  same when t h e  medium n u ~ . l e i  

a r e  mul t ip l i ed  by 60, t h e  average helium t o  medium n u c l e i  r a t i o  measured in 

previous  events  (Biswas and F i c h t e l ,  1964).  I f  t h e  r e s u l t  of t h i s  work i s  

included with t h e  o t h e r  six measurements under t h e  ass?mpt ion  rhey a r e  alZ 

t h e  s a m e ,  an  average helium t o  med ium r a t i o  of 62 _+ 6 i s  obtained,  

The helium f l u x  i n  the same energy i n t e r v a l  was(9.5 -+ l o 3 )  x 

16,  

- 
2 par t i c l e s / (m2  sr s e c )  g iv ing  a medium t o  helium n u c l e i  r a t i o  of 79 

From t h e  f i g u r e ,  it can be seen  t h a t  wi th in  t h e  l i m i t e d  i n t e r v a l  

Of t h e  n ine  heavy nucle i  not  i n  t h e  medium class, only one was an  

apparent  l i g h t  nuc leus(3  5 Z < 5). Due t o  t h e  amount of ma te r i a l  above t h e  

d e t e c t o r  i n  which l i g h t  nuc le i  could be formed and t h e  charge determinat ion 

l i m i t a t i o n ,  only an upper l i m i t  can be set t o  t h e  l i g h t  n u c l e i  f l z x ,  

l i m i t  i s  about .07 of t h e  medium nucle i  f l ux .  The remaining e i g h t  heavy 

n u c l e i  had charges of from t e n  t o  four teen ,  and w e r e  i n  t h e  same range 

i n t e r v a l  and t h e r e f o r e  a h ighe r  energy/nucleon i n t e r v a l ,  

t h e  medium n u c l e i  f l u x  and the  r e l a t i v e  abundances i n  previous s o f a r  events 

This 

On t h e  b a s i s  of 
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(Biswas and F ich te l ,  1964), f i v e  n u c l e i  with charges of from t e n  t o  

four.;een would have been expected, and, hence, t h e  number found i s  con- 

s i s t e n t  with t h e  same abundances a s  previous events .  

The g a l a c t i c  cosmic ray f l u x  a t  t h i s  time i n  t h e  s o l a r  c y c l e  i s  known 

f o r  t h e  case  of helium n u c l e i  from t h e  work of F ich te l  e t  a l .  (1964), and 

the  f l u x  of heavier nuc le i  can be estimated from t h e  general  knowledge of 

t h e  cosmic ray composition and t h e  energy measurements made on low energy 

heavy n u c l e i  i n  recent  years  (F ich te l  e t  a l . ,  1965; McDonald e t  a l . ,  1965; 

Fan e t  a l . ,  1965; and Reames e t  a l e ,  1965), From t h e s e  sources t h e  foklow- 

ing  values  a r e  obtained: 6.9 - + 1.1 part./m . s r . s ec .  f o r  helium n u c l e i  with 

energies  between 120 and 204 MeV/Nucleon and .23 - + .05 and .07 - + .02 p a r t . /  

(m2 sr  sec )  a s  e s t ima tes  f o r  t h e  medium and (Z 2 10) n u c l e i  r e spec t ive ly  

i n  the  same energy i n t e r v a l .  Thus t h e  g a l a c t i c  cosmic ray c o r r e c t i o n  

to t he  s o l a r  p a r t i c l e  f l u x  i s  n e g l i g i b l e .  

2 

I V .  DISCUSSION 

I 

The de tec t ion  of heavy n u c l e i  i n  t h e  J u l y  18, 1961 event b r ings  t o  

f o u r  t h e  number of s o l a r  cosmic ray events  i n  which heavy n u c l e i  have 

been detected.  Fu r the r ,  i t  now seems l i k e l y  t h a t  t hese  n u c l e i  a r e  always 

p re sen t  s ince  they have been observed every t i m e  t h e  i n t e n s i t y  of t h e  event 

w a s  s u f f i c i e n t l y  g r e a t  t o  expect t o  see them on the  b a s i s  of t h e i r  abundanc.es 

i n  o t h e r  events ,  

events  where t h i s  r a t i o  has  been measured. The proton da ta  used f o r  com- 

par ison t o  the work reported here  i s  t h a t  obtained by Guss and Waddington 

(1963j frommeasurements made i n  t h e  Same nuc lea r  emulsion s t a c k  i n  which 

Figure 2 shows t h e  proton t o  helium n u c l e i  r a t i o  f o r  those 
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t h i s  work was undertaken. It is  seen t h a t  t h e r e  i s  a s t rong  v a r i a t i o n  

wi th  energy, but some s i m i l a r i t y  from event t o  event. 

I f ,  on t h e  o t h e r  hand, t h e  pro ton  t o  medium nuc le i  r a t i o ,  o r  t he  

proton t o  helium r a t i o ,  i s  compared i n  t h e  same r i g i d i t y  i n t e r v a l s ,  l a r g e  

v a r i a t i o n s  (as  much a s  a f a c t o r  of 50) are found from event  t o  event  

even though t h e  proton,  helium, and medium n u c l e i  r i g i d i t y  spec t r a  are 

similar ( F r e i e r  and Webber, 1963; Biswas and F i c h t e l ,  1964). 

I f  t h e  pro tons  a r e  l e f t  aside and only t h e  mul t ip ly  charged n u c l e i  a r e  

examined, much more uniformity i n  composition s e e m s  t o  e x i s t  (see,  f o r  

example, B i s w a s  and F i c h t e l ,  1965.). The measurements on the  two most 

abundant mul t ip ly  charged types ,  t he  helium and medium nuc le i ,  show t h a t  

t h e  r e l a t i v e  abundances of t h e s e  two spec ie s  a r e  remarkably s i m i l a r ,  

a s  shown i n  t a b l e  1. This  r e s u l t  i s  e s p e c i a l l y  s t r i k i n g  cons ider ing  t h e  

l a r g e  v a r i a t i o n  i n  the  proton t o  medium nuc le i  r a t i o  o r  t he  proton t o  

helium one. I n  f a c t ,  w i t h i n  t h e  l i m i t a t i o n s  of t h e  experimental  e r r o r s ,  

t h e  h e l i - m  t o  medium r a t i o  could be exac t ly  t h e  same f o r  t h e  whole 

d u r a t i o n  of every event ,  with t h e  b e s t  e s t ima te  of t h i s  r a t i o  being about  

62 - + 7, 
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T i m e  of 
measurement s 

1408 UT, Sept  3 ,  1960 

1840 UT, Novo 1 2 ,  1960 

1603 UT, Novo 13, 1960 

1951 UT, Nov. 16,  1960 

0600 UT, Novo 1 7 ,  1960 

0339 UT, Novo 18,  I960 

Table 1 

Helium t o  Medium Nuclei  Rat io  

Energy I n t e r v a l  
Mev/nucleon 

(AE) 

42.5 - 95 

42.5 - 95 

42.5 - 95 

42.5 - 95 

42.5 - 95 

42,5 - 95 

Average of above readings 42.5 - 95 

1225-2345 UT,  Ju ly  1 2 ,  
1959 

1030-1230 UT, 
Novo 15, 1960 

1305-1918 UT,  
Ju ly  18, 1961 

150- 200 

175- 280 

120- 204 

68 _+ 21 

63 - + 14  

72  - + 16 

61 - + 13 

38 - + 10 

53 _+ 14 

6 0 +  - 7 

2 100 _+ 35 

4 0 0  + 100 
- 50 

79 - + 16 

-k R ( i , j , k )  i s  the  r a t i o  of t h e  f l u x  of p a r t i c l e s  of type i 
i n  the  in t e rva l  k t o  the  f l u x  of p a r t i c l e s  of type j i n  
the  same i n t e r v a l .  

Ref *** 

a , c  

b 

b 

C 

C 

C 

d 

f 

*** ( a )  F ich te l  and Guss (1961) 
(b )  Biswas, F i ch te l  and Guss (1962) 
( c )  
(d) Biswas (1962) 
( e )  Ney and S t e i n  (1962) 
( f )  Present Work (1966) 

Biswas, F i c h t e l ,  Guss and Waddington (1963) 
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The previous work a l s o  ind ica ted  t h a t  t he  d e t a i l s  of t h e  composition 

r e f l e c t e d  t h a t  of t h e  sun in so fa r  as comparisons could be made. 

t o  oxygen r a t i o  measured i n  t h i s  experiment i s  s t a t i s t i c a l l y  c o n s i s t e n t  with 

t h e  va lue  measured previous ly ,  namely 0.6, and t h e  s c a r c i t y  of l i g h t  n u c l e i  

is also i n  agreement with t h e  earlier Findings.  The number of l a r g e  n u c l e i  

(Z 2 10) found w a s  a l s o  cons i s t en t  with prev ious  measurements, a s  mentioned 

e a r l i e r .  

The carbon 

These r e s u l t s ,  e s p e c i a l l y  t h e  remarkable constancy of the  helium to 

medium n u c l e i  r a t i o  add support  t o  t h e  idea t h a t  t he  composition of t h e  

m l t i p l y  charged nuc le i  may be the same i n  each event ,  and t h e r e f o r e  

g i v e  weight t o  t h e  concept of speaking of t h e  composition of s o l a r  cosmic ray 

mul t ip ly  charged nuc le i .  Table I1 summarizes the composition measurements 

and compares them t o  t h e  r e l a t i v e  abundances of n u c l e i  i n  t he  sun,  t h e  

galaxy and g a l a c t i c  cosmic rays .  

composition of s o l a r  cosmic r ays  is s i m i l a r  t o  t h a t  of t h e  sun and markedly 

d i s s i m i l a r  t o  t h a t  of g a l a c t i c  cosmic rays .  Since t h e  s i g n i f i c a n c e  of 

t h i s  apparent  f e a t u r e  has  been discussed i n  d e t a i l  p rev ious ly ,  only a 

few comments w i l l  be repeated here ,  and a more d e t a i l e d  d i scuss ion  can 

be found i n  t h e  review a r t i c l e  by B i s w a s  and F i c h t e l  (1965). 

As we have pointed out prev ious ly ,  t h e  

( a )  S ince  t h e  sun has  abundances t y p i c a l  of most ord inary  s t a r s  i n  the  

respects under cons ide ra t ion  here  and s i n c e  t h e s e  abundances are apparent ly  

r e f l e c t e d  i n  s o l a r  cosmic rays ,  i t  seems reasonable  t o  conclude t h a t  t h e  

d i f f e r e n c e  i n  t h e  charge composition between g a l a c t i c  cosmic rays  and 

ord inary  s t a r s  remains a s  a se r ious  ob jec t ion  t o  ordinary stars being 

considered a s  t h e  s o l e  primary source of g a l a c t i c  cosmic rays ,  Thus, 
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Table 2 

'4 

Rela t ive  Abundances of Nuclei  Normalized t o  a Base 
of 1.0 f o r  Oxygen 

E l emen t I 1 Sola r  Cosmic Rays* 1 Sun** 

1 I 

107 - + 14 

- 
< 0,02 

0,59 _+ 0.07 

0,19 _+ 0.04 

1 .o 

<O .03 

0.13 - + 0.02 

.- 

0.043 - + 0.011 

- 

0.033 & 0.011 

0,057 - + 0,017 

< - 0.02 
r I 

? 

< 

0.6 

0.1 

1 .o 

0.001 

? 

0.002 

0.027 

0.002 

0.035 

0.032' 

0.006 

~~ 

h i v e  r sa  1 
c\ bundances *** 

150 

< 10-5 

< 

0.26 

0.20 

1 .o 

0,36 

0.002 

0.040 

0.004 

0.045 

0,024 

0.033 

~ 

4 

I I .  

Galac t i c  Cosmic 
Rays **** 

48 

0.3 

0 ,8  

1.8 

- 0.8 

1 .o 
N 0.1 

< 

< 

0,30 

o o 1 9  

0-32 

0,06 

0012 

0,13 

I 
0,28 

J 

** The unce r t a in ty  of t he  va lues  i n  t h i s  column i s  probably of t h e  order  a 
f a c t o r  of 0 0 5 .  See A l l e r  (1953) o r  Goldberg, Muller,  and A l l e r  (1960), 

*** The unce r t a in ty  of t h e  values  i n  t h i s  column i s  hard t o  estimate, but  i s  
probably a t  l e a s t  a f a c t o r  of 0.5 i n  some cases .  See Suess and Urey (1956) 

l and Cameron (1959). 

,**** The unce r t a in ty  of  t h e  values  i n  t h i s  column varies from 10 t o  about 30 
I percent .  See Waddington (1960). 

~ + A 512 r a t i o  for t he  abundance of 16S r e l a t i v e  t o  1 8 A  was assumed, t he  r e l a t i v e  
abundance of 18A being unknown. 
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g a l a c t i c  cosmic rays  probably have a very spec ia l  o r i g i n ,  pephaps i n  s q e r -  

novae ( see  f o r  example Ginzburg and Syrova t sk i i ,  1961). 

( b )  The ene rge t i c  nuc le i  coming from t h e  sun wi th  charges ranging from 

t h a t  of helium through a t  least  about twenty do s e e m  t o  r e f l e c t  t h e  

composition of t h e  s o l a r  sur face .  

accepted as r ep resen ta t ive  of t h e  sun, t h e  r e l a t i v e  abundances given i n  

Table 2 may be used t o  es t imate  the helium and neon abundances of t h e  

sun, whereas it is not  poss ib l e  t o  ob ta in  a good estimate of t h e  abundance 

of t hese  two elements spec t roscopica l ly  i n  t h e  photosphere. The average 

helium t o  oxygen r a t i o  i s  107 _+ 14 and t h e  average neon t o  oxygen r a t i o  

is  0,13 + 0.02 (Biswas and F ich te l ,  1965). The neon t o  oxygen r a t i o  

i s  s i m i l a r  t o  t h e  un ive r sa l  abundances estimated by Suess and Urey (1956) 

and Cameron (1959), a l though a b i t  on t h e  low side. The helium t o  m e d i u m  

r a t i o  i s  t y p i c a l ,  but ,  of course,  t h e  more i n t e r e s t i n g  r a t i o  would be 

t h e  proton t o  helium one. For reasons assoc ia ted  with t h e  d i f f e r e n t  energy 

s p e c t r a  and charge t o  mass r a t i o ,  t he re  i s  no simple r e l i a b l e  way t o  

determine t h i s  r a t i o  from s o l a r  cosmic  rays  a lone,  I f  t h e  helium t o  medium 

r a t i o  of 62 - + 7 is  accepted as r ep resen ta t ive  of t h e  sun ( t h a t  i s  t h e  

average of t h e  present  work, t h e  previous work of F i c h t e l  and Guss (1%1), 

B i s w a s  et  a l .  (1962), and Biswas e t  a l e  (1963) ) and t h e  proton t o  med ium 

value from spec t roscopic  da t a ,  namely 650(Aller,  1953; Goldberg, Muller,  

and A l l e r ,  1960), i s  used, a proton t o  helium r a t i o  of 10.5 5 GOO I s  obtained. 

The unce r t a in ty  i n  t h i s  number depends on the  co r rec tness  of t he  assumption 

above?, t h e  unce r t a in ty  i n  the helium to m e d i u m  r a t i o ,  and t h e  u m x r t a i n t y  

i n  the  proton t o  m e d i u m  r a t i o .  

If t he  composition of these Iiiiclei i s  

Hence, t he  estimated unce r t a in ty  placed 
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on t h i s  r a t i o  is Parge and not t o o  wel l  determined. 

(2) Hoyle and Tayler (1964) have pointed out  t h a r  t h e  low hydrogen t o  

helium r a t i o  deduced i n  t h e  manner descr ibed he re  t o g e t h e r  with t h e  s i m i l a r  

r a t i o s  observed i n  o the r  cosmic m a t e r i a l  i s  incompatible by an o rde r  of 

magnitude with t h a t  p red ic t ed  by assuming t h a t  o rd ina ry  s t e l l a r  processes  

a r e  predominately responsible  f o r  t he  r e l a t i v e  abundances of hydrogen and 

helium e x i s t i n g  i n  t h e  universe .  

t oge the r  with o the r  evidence suggests  a un ive r sa l  d e n s i t y  which w a s  higher  

i n  the  pas t  than i n  t h e  p re sen t .  

Hoyle (1965) adds t h a t  t h i s  r e s u l t  

( d )  Since the s o l a r  p a r t i c l e  propagation mechanism a f f e c t s  p a r t i c l e s  

with t h e  s a m e  charge t o  mass r a t i o  i n  t h e  same way, t h e  s i m i l a r i t y  i n  

t h e  energy spec t r a  of t h e  helium and medium n u c l e i  and t h e  constancy i n  

t h e  composition of t h e  mul t ip ly  charged nuc le i  a r e  presumably p r o p e r t i e s  

of t he  p a r t i c l e s  a t  t h e  end of t h e  a c c e l e r a t i o n  phase,  

a t i o n  mechanism (Fermi, 1949; Fermi, 1954) has been t r e a t e d  ex tens ive ly ,  

one of the most recent  a r t i c l e s  being t h a t  of Wentzel (1965), Hayakawa, 

Nishimura, Obayashi, and Sato (1965) have concluded t h a t  t h e  Fermi process  

predominates, f o r  t h e  a c c e l e r a t i o n  of nuc lea r  p a r t i c l e s  i n  t h e  n o n - r e l a t i -  

v i s t i c  regior?, Previously i t  has been shown (Biswas, F i c h t e l ,  and Guss, 

1962) t h a t ,  i n  gene ra l ,  a spectrum which 1 s  both a func t ion  of v e l o c i t y  

and r i g i d i t y  can be produced i n  t h e  Fermi process  with a p a r t i c l e  having 

a smaller charge t o  mass r a t i o  having a s t e e p e r  energy spectrum a t  high 

ene rg ie s ,  This modified Fermi mechanism would lead t o  s i m i l a r  s p e c t r a  

f o r  a l l  t h e  nuclei  with t h e  same charge t o  mass r a t i o ,  but d i f f e r e n t  s p e c t r a  

f o r  protons and helium n u c l e i ,  as observed, 

The Fermi a c c e l e r -  
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V, Concluding Remarks 

The apparent  cons is tency  of t h e  charge spectrum of the  mul t ip ly  charged 

n u c l e i  i n  s o l a r  cosmic rays i s  a s t r i k i n g  f e a t u r e  both because of t h e  g r e a t  

v a r i a t i o n s  i n  so many o t h e r  f e a t u r e s  of t h e  s o l a r  p a r t i c l e s  and because of t h e  

important  physical cnnsequences. 

Thus f a r ,  t he re  has been no evidence t o  i n d i c a t e  t h a t  t h e  r e l a t i v e  abundances 

of t h e  mul t ip ly  charged n u c l e i  i n  s o l a r  cosmic r ay  events  a r e  not  t h e  same 

i n  every event and a l s o  the  same a s  t h a t  of t h e  sun's photosphere. 

experiments should confirm t h i s  p i c t u r e ,  t h e r e  w i l l  apparent ly  be a good 

es t ima te  of t he  helium and neon abundances i n  t h e  sun, Fur ther ,  t h e o r i e s  

of s o l a r  p a r t i c l e  a c c e l e r a t i o n  would have t o  be cons i s t en t  with the  mul t ip ly  

charged s o l a r  p a r t i c l e s  composition r e f l e c t i n g  t h a t  of t he  sun, and t h e o r i e s  

of t h e  universe  would have t o  agree wi th  t h e  measured hydrogen t o  helium 

r a t i o ,  

I f  f u r t h e r  
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Figure Captions 

Figure 1: Average differential spectrum for helium and medium nuclei for 

the period 1350 - 1918 UT, July 18, 1961. e - He Nuclei 
o - Medium Nuclei x 60 

Figure 2: The proton-to-helium nuclei ratio as a function of kinetic energy 

per nucleon at several different times. For curves A through F, 

the curves represent data taken from the work of Biswas, et al., 

(1962), Biswas, et al,, (1963), and Biswas and Fichtel, (1963). 

Uncertainties in the ratios range from 25 to 50 percent, The 

data represented by G are the lower limits set by McDonald, et 

al., (1965). H indicates the work reported in this paper. The 

times at which the measurements were made are as follows: A - 1840 
UT, NOV. 12, 1960; B - 1603 UT, NOV, 13, 1960; C - 1961 UT, 
NOV. 16, 1960; D - 0600 UT, NOV. 17, 1960; E - 0339 UT, Nova 18, 
1960; F - 1408 UT, Sept. 3, 1960; G - March 16, 1964 and Feb. 5 ,  

1965. H - 1305 to 1918 UT, July 18, 1961, 
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